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Method of Vanishing Partial Derivatives (VPD)

In GRL, November 18, 2005

We consider the case where observations are made in a spectral region in the infrared where 
several minor gases such as   CO2 , O3 , CO, CH4 and SO2 are radiatively active.  

We define the residual function   G as

We aim to find the set of Xi which minimizes the residual function.  We express the total 
differential of        as
.

(3)

From the general property of total differentials, the condition that G in equation (4)

should have a maximum or a minimum at a point (        ,        ,       ,          ) is that

each of the first partial derivatives  should individually vanish at that point. 

(4)

Thus we reach an important conclusion that the value of the individual mixing ratio of 
each of the minor gases considered is determined by the value that makes their first 
partial derivative in equation (4) vanish individually. Therefore, even though the 
observed spectra cannot differentiate between the individual lines, the partial differentials can!
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Auxiliary Sounding Channels 
Individual Weighting Functions

Temperature

OzoneWater vapor



Matsueda Airborne Flask
CO2 Measurements
at 10.5 km altitude

JAL Flights
(every two weeks)

comparison



Collocated AIRS
CO2 Retrievals

at 5-15 km altitude

Matsueda Airborne Flask
CO2 Measurements
at 10.5 km altitude

150 km

One AIRS Retrieval   
45x 45 km       
within ±4 hours

Matsueda 
Measurements

An AIRS  Cluster Around Matsueda

45x45 km  One AIRS Retrieval

One Matsueda Flask Measurement with 
collocated AIRS Retrieval

A Total of 2332 AIRS Retrievals  (in the presence of clouds) found 
Collocated with 223 Matsueda measurements
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Validation of AIRS CO2 Results
Comparison of AIRS CO2 Retrievals with Collocated  Matsueda Flask 

Measurements

(Collocation Criteria:  ± 4 hours and 150 km radius around Matsueda)

Standard Deviation:  0.43 ±1.20 ppmv
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Independence of the solution
from Initial starting value of the CO2 Mixing Ratio 

370 373 375 ppmv
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Independence of the solution
from Initial starting value of the CO2 Mixing Ratio 
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Estimating  atmospheric CO2 from advanced infrared 
radiances with an operational 4D-Var data assimilation 

system:  Results and Validation 

Richard J. Engelen and Anthony P. McNally

JOURNAL OF GEOPHYSICAL RESEARCH. VOL. XXXX, DOI:10.1029/2005JD005982
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Midtropospheric CO2 concentration retrieval from AIRS 
observations in the tropics

Crevoisier, S Heilliette, A. Chedin, S. Serrar, R. Armante and N.A. Scott

(Using Neural networks method)
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SUMMARY  
Comparison of AIRS CO2 Retrievals with collocated Matsueda 

Flask Measurements
(Colocation Criteria:  ± 4 hours and 150 km radius around Matsueda)

Standard Deviation:  0.43 ±1.20 ppmv

JAL FLIGHTS
(Every two weeks)

NEXT:  GENERATE GLOBAL MAPS OF CO2 DISTRIBUTION
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AIRS  Global  CO2 Maps

2003

January 18-21 

May 6-19

October 19-25
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